SPRI has long had an interest in studying the changes in color during storage of various sugar products. In a study of soft sugars, it was found that high moisture content was the best predictor of color increase over time. Organic acids and phenolic acids were also found to contribute to the formation of color over time. 2 Another study by SPRI examined components of the surface film of white beet sugars and how these components can contribute to color formation over time. 3, 4 Pyroglutamic acid and lactic acid were the two components identified in the study that changed over time as color increased. Lactic acid is a primary product of alkaline decomposition of sucrose and a major microbiological product that may have several sources. Pyroglutamic acid is a major nitrogenous compound found in sugar beet processing from the glutamine in the sugarbeet plant. Under the alkaline or heated conditions used in sugarbeet processing, glutamine will lose ammonia to form pyroglutamic acid.
The objective of this work is to determine the effect of storage on the color of thick juice and chromatographic extract products from sugarbeet processing. Changes in pH, brix, color, turbidity, invert sugar, organic acids, dextran, and total polysaccharides over time will be examined.
Experimental:
Sugarbeet thick juice and chromatographic extract were provided by SPRI sponsors. Three thick juice samples and one extract sample were stored on the bench top under SPRI laboratory conditions in plastic containers until detectable signs of deterioration were observed. The length of study for the samples ranged from 68 to 112 days. The samples were mixed well and aliquots were removed at specific intervals for analysis. Removed aliquots were immediately frozen until ready for analysis. Analysis of the samples included pH, brix, color, turbidity, invert sugars, organic acids, dextran and total polysaccharides. Color was measured by ICUMSA Method GS1/3-7, and turbidity determined by difference using the same method. Invert sugars and organic acids were determined by ion chromatography.
Results and Discussion: Thick Juice Results
Three thick juice samples (TJA, TJB, and TJC) were analyzed during this study. TJA was studied for 68 days, TJB sampled for 73 days, and TJC for 112 days before deterioration was evident and the sampling was stopped. The first parameter analyzed was pH. The pH of TJC showed a dramatic decrease in the first 35 days then it was stable. TJB showed a slight downward trend after 45 days and TJA remained constant. TJA and TJB had an initial pH of around 9 while TJC had an initial pH of approximately 8. These results are shown in Figure 1 below. Figure 1 . pH of thick juice samples over time.
The three thick juice samples were also analyzed for brix. For TJA, the brix remained relatively unchanged for the duration of the study. TJB showed a slow decline from 69.3 to 68.5. TJ C had an initial brix of 64.2 and gradually increased to 66.5 in the first 30 days and then remained constant. No significant changes were detected in the analysis of the brix over time.
The thick juice samples were also analyzed for total polysaccharides and dextran content. No trend was observed in either total polysaccharide or dextran content for the duration of the study only natural sample variation was recorded.
Color exhibited a linear increase in all three thick juice samples. Thick Juice A had the highest initial color at 4256 ICU which increased to 4687 ICU by day 68 when the sampling stopped. TJB with an initial color of 2873 ICU increased to 3054 ICU in 73 days and TJC initial color was 2691 which increased to 3236 ICU in 112 days. The linear relation of the color over time is shown in Figure 2 below. As shown in the figure above, there is a strong linear relationship between color increase and time for the thick juice samples studied here. The slope of the regression line represents the color increase per day for each sample and the y-intercept closely approximates the initial color for each thick juice sample. For TJA, the slope or color increase per day is 5.21 ICU/day and the y-intercept is 4330 ICU with an actual initial color of 4256 ICU. In the case of TJB, the slope is 3.32 ICU/day and the y-intercept is 2391 ICU with an actual initial color of 2873 ICU. TJC shows a color increase per day of 5.10 ICU/day and a y-intercept of 2684 ICU and an initial color of 2691 ICU.
The thick juice samples except for TJB were also analyzed for turbidity. For TJA, the initial turbidity was 310 ICU with a gradual upward trend over time. For TJC, initial turbidity was 139 ICU with a significant increase in the latter part of the study to a final turbidity of 1049 ICU.
TJB was further analyzed for sugars and organic acids. Invert sugars were studied using ion chromatography. Invert sugars were present at approximately 0.13% for the first 35 days of the study. The invert concentration increased to 0.628 % at the end of the study. The glucose increased from 0.040% to 0.327% while fructose increased from 0.088% to a final concentration of 0.301%.
Organic acids were also analyzed for using Ion chromatography. Several organic acids were detected in TJB. These include citric acid, lactic acid, formic acid, acetic acid and pyroglutamic acid. The organic acid profile over time is shown below in Figure 3 . Citric acid showed an initial concentration of 279 ppm and a final concentration of 13.9 ppm, a 95% decrease in concentration with a rapid decline in the last 8 days of the study. Lactic acid showed a 71% gradual increase over time with an initial concentration of 133ppm to 228ppm during the 73 day study. Formic acid and acetic acid showed little change in concentration during the first 35 days of the study. Formic acid initial concentration was 33.3ppm and slowly increased to 56.1 ppm. Acetic acid initial concentration was slightly higher Citric Acid Lactic Acid Formic Acid Acetic Acid Pyroglutamic Acid at 41.0ppm and the final concentration was 61.0 ppm. Pyroglutamic acid concentration of 33.7ppm to 38.6ppm except for the last 8 days of the study. During the last 8 days, the pyroglutamic acid concentration increased by 110% to a final concentration of 78.7ppm.
Previous work by SPRI has shown organic acids in soft sugars and in the surface film layer of white beet sugar can be contributing factors to autocatalytic color increasing over time. Large changes in lactic acid and pyroglutamic acid concentrations in the surface syrup layer of white beet sugars is related to color increase during accelerated storage tests. Products results from alkaline degradation of sugars such as invert and pyroglutamic acid could be contributing factors to color formation over time. A strong correlation of lactic acid concentration to color is observed for the TJB as shown in Figure 4 . 
Beet Extract Results
A sample of the chromatographic extract was obtained from a SPRI sponsor company and studied in the same manner as the thick juice. The extract was placed in a plastic container on the bench top under laboratory conditions for 68 days. The initial pH of the extract was 10.65 and the final pH was 10.57 with the average for the 68 days of 10.58. Brix also remained consistent during the study with an initial value of 71.4 and a final value of 71.5 and an average of 71.4 for the study. Turbidity showed a slight upward trend over the 68 day study period. There was some variation in turbidity measurements but the initial turbidity was 125 ICU and the final measurement was 189 ICU. The final parameter measured for the extract was color. As shown in Figure 5 below, a strong linear correlation exists between color and time for the extract as observed in the thick juice study. The initial color value for the extract was 11,529 ICU with a final value of 12,057 ICU. As in the thick juice study, the slope of the regression line represents the color increase per day. The color increase per day for the extract samples studied is 6.98 ICU/day. The y-intercept closely predicts the initial color value at 11,522 ICU, with an actual value of 11,529 ICU. 
